SUMMARY
SUMMARY
The mechanisms involved in controlling [Ca 2+ ] N are poorly known and controversial (6) . The nucleus is surrounded by a double membrane, the nuclear envelope (NE), which can accumulate Ca 2+ inside its lumen. It has been proposed that Ca 2+ can be released directly from NE cisterna into the nucleoplasm through ion channels associated to either inositol-trisphosphate or ryanodine receptors of the inner NE membrane (7, 8, 9) . On the other hand, cytosol and nucleoplasm communicate through 10 nm-diameter nuclear pores with large ion conductance (10) . However, conductance can be drastically reduced by either ATP-dependent accumulation of Ca 2+ inside NE (gating) or macromolecular transport through nuclear pore complexes (plugging) (11) . The permeability of the NE to cytosolic Ca 2+ is a matter of controversy. While several authors report that [Ca 2+ ] N follows passively changes of [Ca 2+ ] c (12, 13, 14) others identify a significant diffusion barrier at the NE (8, 15, 16, 17 
EXPERIMENTAL PROCEDURES
Cell culture and expression of aequorins. Bovine adrenal chromaffin cells, kindly provided by Professor Antonio García, Instituto Teófilo Hernando, Madrid, Spain, were handled as described before (18, 19) . HEK-293 cells were maintained in DMEM medium (Gibco) supplemented with 10% fetal calf serum, 2 mM glutamine and antibiotics. Culture and handling of GH 3 pituitary cells (20, 21) and PC12 cells (22) were as described previously.
Cytosolic and nuclear (nucleoplasmin chimera) aequorin cDNAs were obtained from Molecular Probes and cloned in the pHSVpUC plasmid (23) . Packaging and titration of the pHSVnucAEQ (nuclear) and pHSVcytAEQ (cytosolic) viruses were performed as reported (22) . The multiplicity of infection ranged between 0.01 and 0.1 for batch luminescence measurements and between 0.3 and 1 for bioluminescence imaging (19, 23, 24) . Cells were cultured for 12-24 h before measurements.
Measurements of aequorin bioluminescence. Cells expressing apoaequorins were incubated for 1-2 h at room temperature with 1 µM coelenterazine. Coelenterazine h (from Molecular Probes), which increases the affinity of reconstituted aequorin for Ca 2+ (25) , was used for imaging experiments. The standard incubation medium had the following composition (in mM): NaCl, 145; KCl; 5; CaCl 2 , 1; MgCl 2 , 1; glucose, 10; sodium-HEPES, 10, pH 7.4.
Batch cell aequorin photoluminescence measurements were performed as previously described (19, 24) and calibrations in [Ca 2+ ] were done using the constant's values published (26) . For bioluminescence imaging measurements (23, 24) (Fig. 1A) . In PC12 cells the Ca 2+ peaks elicited in cytosol and nucleus by either Ca 2+ entry (High K + ) or Ca 2+ release from the intracellular Ca 2+ stores (UTP or bradykinin) were similar. In GH 3 pituitary cells depolarization with high K + or release of Ca 2+ from the stores by stimulation with 0.1 µM TRH (22) also produced similar Ca 2+ peaks in cytosol and nucleus (Fig. 1C) . In all the cases the increase of [Ca 2+ ] c tended to be somewhat smaller in the nucleus but the differences were small, at most 25%, even though some of them were statistically significant (Fig. 1) .
The apparent permeability of the NE was directly assessed by monitoring changes increased both in cytosol and in nucleus, but still it was 2-3 times smaller in the nucleus (Fig. 3C) . In trace 3 of Fig. 3A we have modeled the effects of a nuclear permeability barrier with T1/2 = 10 s on the transmission of the [Ca 2+ ] c oscillation (trace 1) to the nucleus (trace 3). The outcome was very similar to the experimental observation (compare traces 2 and 3). The oscillation index computed from trace 1 (cytosol) was 3.9 times larger than the one computed from trace 3 (nucleus), a difference very similar to the one measured experimentally (Fig. 3C) . The kinetic barrier proposed here could fit equally well for either sloweddiffusion at the NE or increased buffering of Ca 2+ inside nucleus (31) . In both cases the appearance of free Ca 2+ inside nucleus would be slower than expected.
In conclusion, our results indicate that nucleus dampens Ca 2+ oscillations of Significance (Student's t-test): *, p<0.05; **, p<0.01 
